Objective: To provide real-world data on hypoglycaemia incidence in patients with type 1 (T1D) or type 2 diabetes (T2D) from the Southeast Asian cohort of the International Operations Hypoglycaemia Assessment Tool (IO HAT) study.
INTRODUCTION
Patients with type 1 diabetes (T1D) and some with type 2 diabetes (T2D) rely on insulin therapy for survival and for glycaemic control. Prevalence of diabetes is escalating in every country, especially in developing countries, which has an impact on healthcare utilisation. 1 Developing countries in Asia have the highest population of patients with diabetes in the world 2-4 because of rapid urbanisation, unhealthy eating habits, sedentary lifestyles and increased life expectancy. 5 A meta-analysis has shown a rapid increase in the prevalence of diabetes in Southeast Asia over the past 2 decades. 6 The overall prevalence of diabetes among adults in the region was 8.5% in 2015, and this is estimated to rise to 10.7% by 2040. 3 Furthermore, there is a high prevalence of impaired glucose tolerance (IGT) in Southeast Asia and the conversion rates from IGT to diabetes are faster in Southeast Asia than in other regions. 1, 7, 8 Southeast Asian populations migrating from rural to urban areas that adopt unhealthy lifestyles are at a similar risk of developing diabetes as those who move from developing countries to more affluent countries. 9 High consumption of carbohydrates (especially white rice) and inertia of physical activities in Asian populations, 10 may lead to inefficient glycaemic control in those diagnosed with diabetes. An observational study that included patients from Indonesia, Thailand and Malaysia from the Southeast Asia region, found that 22% of patients with T1D and 36% of patients with T2D had never had glycated haemoglobin (HbA1c) measurements. 2 Despite the predicted increase in diabetes, a literature review, which was conducted with the primary purpose of determining the known incidence and impact of hypoglycaemia in Southeast Asia, highlighted that there are limited data regarding the incidence of hypoglycaemia in this region. 11 Hypoglycaemia with insulin treatment is a major concern for both patients and healthcare providers and is a significant barrier to achieving good glycaemic control. 12 Real-world data and literature on the incidence of hypoglycaemia in insulin-treated patients with diabetes are scarce. 13 Results from the global Hypoglycaemia Assessment Tool (HAT) study from 24 countries worldwide showed that rates of hypoglycaemia among patients with insulin-treated T1D and T2D were higher than previously reported. 14 The non-interventional International Operations HAT (IO HAT) study was designed to assess the incidence of hypoglycaemia in patients treated with insulin (premix, short-acting and long-acting) for T1D or T2D in Bangladesh, Colombia, Egypt, Indonesia, the Philippines, Singapore, South Africa, Turkey and United Arab Emirates. 15 This publication presents the results from the Southeast Asian cohort of the IO HAT study (Bangladesh, Indonesia, Philippines and Singapore) and aims to determine, within this cohort, whether there are any differences in the incidence rates between retrospective and prospective reporting of hypoglycaemia.
METHODOLOGY Subjects
Eligible patients (male or female patients 18 years or older with T1D or T2D treated with insulin for more than 12 months) were enrolled consecutively after attending a routine clinic appointment.
Study design
The methods for the IO HAT study have been previously published in detail, 15 this sub-group analysis focuses on the Bangladesh, Indonesia, Philippines and Singapore cohorts from the IO HAT study. In summary, IO HAT was a non-interventional, multicentre, 6-month retrospective and 4-week prospective study of hypoglycaemic events in adult patients with T1D or T2D, treated with insulin for over 12 months (Figure 1) . Retrospective cross-sectional and prospective observational evaluations took place using a two-part self-assessment questionnaire (SAQ1 and SAQ2) and the patient diary (provided at baseline and used to aid prospective reporting). There were no interventions or specific treatments recommended or provided to patients as a result of participating in this study. The trial protocol, any amendments, informed consent form and any other written information or documents, as required, were submitted to local institutional review board/ethics committees. 16 ) any hypoglycaemia (the sum of non-severe hypoglycaemia [any event managed by the patient alone] and severe hypoglycaemia) and nocturnal hypoglycaemia (any event occurring between midnight and 06:00 am); the reported hypoglycaemia events did not need to be accompanied by a confirmatory blood glucose measurement. Patient knowledge of hypoglycaemia was evaluated by assessing whether their definition was consistent with the ADA definition of hypoglycaemia 16 and if they knew what hypoglycaemia was before being provided with the informed consent form. Hypoglycaemia unawareness was evaluated using a previously validated question, 17 'Do you have symptoms when you have a low sugar level?', where the responses 'always,' 'usually,' 'occasionally' and 'never' represent increasing degrees of hypoglycaemia unawareness.
Endpoints
The primary objective for the IO HAT study was to assess the percentage of patients experiencing at least one hypoglycaemic event during the 4-week prospective observational period. Key secondary objectives included: incidence of various types of hypoglycaemic episodes; the difference in the reported incidence of severe, non-severe, nocturnal and any hypoglycaemic episodes in the retrospective and prospective periods; the relationship between demography, duration of diabetes, duration of insulin therapy and incidence of hypoglycaemic episode; use of healthcare resources; and patient behaviours in response to hypoglycaemia.
Statistical analyses
Statistical tests were two-sided and exploratory, with the criterion for statistical significance set at p<0.05. There was no adjustment for multiple comparisons, but p-values were interpreted conservatively, i.e. p-values from 0.01 to 0.05 were taken to indicate modest evidence of a difference and p-values of less than 0.01 were taken to indicate moderate evidence of a difference.
For the primary endpoint, the percentage of patients who experienced at least one hypoglycaemic episode during the 4-week prospective observational period among T1D or T2D was calculated together with the confidence interval for this percentage. For secondary endpoints, the incidence of various types of hypoglycaemia was calculated as the number of events per patient year.
Sample size was determined assuming a worst case scenario proportion of patients (=50%) reporting at least one hypoglycaemic episode during the 4-week prospective observation period, and that the range of the 95% confidence interval was less than 3 percentage points for the total cohort (N=6000). The sample size was calculated using 50%, which represents the largest degree of variance.
RESULTS

Patient characteristics
Patient characteristics are described in 2) Data are presented as mean (SD) unless otherwise stated; BMI, body mass index; FBG, fasting blood glucose; HbA 1c , glycated haemoglobin; N, total number of subjects participating; n, total number of subjects; PPG, postprandial glucose; SD, standard deviation; T1D, type 1 diabetes; T2D, type 2 diabetes.
Patients with T2D were older than those with T1D, with a mean age of 57.2 years compared with 33.2 years. The average duration of diabetes was similar in both patients with T1D (13.6 years) and T2D (13.2 years). On average, patients with T1D had a longer average duration of insulin use (12.5 compared with 5.5 years for patients with T2D) and lower average HbA1c (8.4% [±1.8]) than those with T2D (8.7% [±1.9]). Most patients (87 patients [56.5%]) with T1D were on mixed insulin regimens (both short-and long-acting insulin), followed by pre-mix (50 patients [32.5%]), long-acting insulin (eight patients [5.2%]) and short-acting (six patients [3.9%]). Only two patients (1.3%) were on a mixed regimen of short-acting and pre-mix insulin and one patient (0.6%) was on a mixed regimen of short-and long-acting and pre-mix insulins. Most patients (1069 patients [43.8%]) with T2D used pre-mix insulins, followed by 647 (26.5%) patients on a mixed regimen of short-and long-acting insulin and 467 patients [19. 1%] on long-acting insulin.
Frequency of hypoglycaemia
Any hypoglycaemia
Most patients (T1D, 100%; T2D, 97.3%) reported experiencing an hypoglycaemic event during the 4-week prospective period (Figure 2 ). Lower rates of any hypoglycaemia were reported retrospectively compared with prospectively in patients with T1D (rate ratio [RR] 1.68, p<0.001) or T2D (RR 1.85, p<0.001; Figure 2 ). For any hypoglycaemia, the rates per-patient year (PPY) during the retrospective period for T1D and T2D were 33. 9 
Nocturnal hypoglycaemia
During the 4-week prospective period, 34.8% of patients with T1D and 11.7% of patients with T2D reported nocturnal hypoglycaemia. Higher rates of nocturnal hypoglycaemia were reported in the 6-month retrospective period than in the prospective period in both patients with T1D (RR 0.87, p=0.459) and T2D (RR 0.71, p=0.003; Figure  2 ). In patients with T1D and T2D, rates of nocturnal hypoglycaemia in the retrospective period were 12.5 (95% CI: 10.55, 14.75) PPY and 3.9 (95% CI: 3.62, 4.19) PPY, respectively. Prospectively, lower rates of nocturnal hypoglycaemia were reported for both patients with T1D (11.2 [95% CI: 9.23, 13.36] PPY) and T2D (2.9 [95% CI: 2.61, 3.12] PPY).
Severe hypoglycaemia
During the 4-week prospective period, 57.2% of patients with T1D and 76.9% of patients with T2D reported severe hypoglycaemia. Lower rates of severe hypoglycaemia were reported retrospectively compared with prospectively in patients with T1D (RR 1.67, p=0.033) or T2D (RR 4.11, p<0.001; Figure 2 ). In patients with T1D, rates n, total number of subjects; RR, rate ratio; T1D, type 1 diabetes; T2D, type 2 diabetes 
Impact of hypoglycaemia on the medical system
In the retrospective period 6 months before baseline, 7.1 and 7.3% of patients with T1D and T2D, respectively, had a hypoglycaemic event that led to hospital admission. During this time, 9.2% of patients with T1D attended additional clinical appointments as a result of a hypoglycaemic event and 7.8% made additional telephone contacts with a healthcare provider. In T2D, 6.8% of patients who experienced a hypoglycaemic event made additional telephone calls and 6.2% attended additional clinical appointments. In the 4-week prospective period, the most common effect on the medical system was making additional telephone contacts in both patients with T1D (4.3%) and T2D (5.7%), followed by attending additional clinical appointments (2.9% for patients with T1D and 1.7% for T2D) and hospital admission (0.7% for patients with T1D and 1.2% for T2D).
%, percentage; n, total number of subjects; T2D, type 2 diabetes 
Rates of hypoglycaemia by insulin regimen
Lower rates of any hypoglycaemia were reported retrospectively than prospectively with all insulin regimens in both patients with T1D and T2D (Figure 3a ). In patients with T1D, lower rates of nocturnal hypoglycaemia were reported retrospectively than prospectively among those treated with short-acting (4.4 compared with 10.4 PPY, respectively) and long-acting (3.3 compared with 19.6 PPY, respectively) insulin regimens. Patients on pre-mix or mixed (both short-and long-acting) insulin reported higher rates of nocturnal hypoglycaemia retrospectively than prospectively (pre-mix: 15.7 compared with 13.3 PPY, respectively; mixed: 12.3 compared with 9.5 PPY, respectively). In patients with T2D, nocturnal hypoglycaemia was reported at a higher rate retrospectively than prospectively in patients treated with all insulin regimens except long-acting insulin (Figure 3b ). Lower rates of severe hypoglycaemia were reported retrospectively than prospectively with all insulin regimens in both patients with T1D and T2D, with lower rates of hypoglycaemia in patients on long-acting insulin regimens.
In patients with T1D, patients on short-acting insulin had the lowest rates of any hypoglycaemia in the prospective period (33.9 PPY). The highest rates of hypoglycaemia were reported by patients on a mixed insulin regimen (both short-and long-acting insulin; 61.3 PPY). In patients with T2D, rates of any and nocturnal hypoglycaemia ( Figure 3) were also lowest with short-acting insulin regimens during the prospective period (19.4 and 1.8 PPY, respectively; Figure 3 ). The highest rates of any hypoglycaemia reported prospectively were in those on a mixed insulin regimen (short-and long-acting insulin; 23.2 PPY), followed by those on a pre-mix insulin regimen (22.9 PPY).
Rates of hypoglycaemia by duration of diabetes and insulin therapy
In the retrospective period, patients with T1D who had diabetes for between 12 and 17 years had the highest rates of any hypoglycaemia (40.5 PPY). In patients with T2D rates of hypoglycaemia increased with increasing duration of diabetes. Rates of nocturnal hypoglycaemia generally increased with diabetes duration for both patients with T1D and T2D, with peaks in those who had diabetes for between 12 and 17 years for T1D and between 7 and 11 years for T2D. Rates of severe hypoglycaemia generally increased with duration of diabetes for both patients with T1D and T2D. In the prospective period, for patients with T1D or T2D, rates of any, nocturnal and severe hypoglycaemia generally increased with increasing duration of diabetes.
Patients with T1D who had received insulin therapy for between 5 and 9 years reported the highest rates of any hypoglycaemia in the retrospective period. Patients who had received insulin therapy for over 10 years had the highest rates of nocturnal and severe hypoglycaemia. In the prospective period, patients with T1D who had received insulin therapy for over 10 years reported the highest rates of any, nocturnal and severe hypoglycaemia. Patients with T2D who had received insulin therapy for over 10 years had the highest rates of any, nocturnal and severe hypoglycaemia in the retrospective and prospective periods (compared with those who had received insulin therapy for 1 to <3, 3 to <5 and 5 to <10 years).
Rates of hypoglycaemia by frequency of blood glucose monitoring
In both patients with T1D and T2D, rates of any hypoglycaemia increased with each quartile, and were highest in the upper quartile of frequency of blood glucose monitoring in both the retrospective and prospective periods. In patients with T2D, the same trend was seen for nocturnal and severe hypoglycaemia rates.
Hypoglycaemic events recorded in the patient diary
Of those who completed the patient diary (154 in T1D, 2440 in T2D) 36 patients (25.9%) with T1D and 158 (7.0%) patients with T2D had a confirmed hypoglycaemic event recorded in their diary.
Impact of hypoglycaemia on work/school
During the retrospective period, the impact of hypoglycaemia was higher on patients with T1D than T2D.
In patients with T1D, arriving late to work/studies was the most common impact of hypoglycaemia on work/school, retrospectively reported by 22.1% of patients, followed by taking leave (17.3%) and leaving early (13.5%). In patients with T2D, leaving early from work was reported by 10.4% of patients, followed by taking leave (10.1%) and arriving late to work (7.6%). Of those patients who held a driver's licence (T1D, n=50; T2D, n=580), six (12.0%) with T1D and 25 (4.3%) with T2D experienced a hypoglycaemic event whilst driving in the past 6 months.
In the 4-week prospective period, arriving late to work/studies was the most common impact of hypoglycaemia on work/school, reported by 10.0% of patients with T1D, followed by taking leave (4.4%) and leaving early from work (2.2%). In patients with T2D, taking leave was reported by 3.2% of patients, with the next most common impacts being leaving early (2.8%) and arriving late (2.1%).
Patient perspectives
Patient perspectives on hypoglycaemia are described in Table 2 . In T1D and T2D, 96.1% and 85.6% of patients knew what hypoglycaemia was before being provided with the definition in SAQ1. The most common method that patients used to define hypoglycaemia was based on symptoms alone (57.8% in T1D and 46.9% in T2D). More patients with T1D had normal hypoglycaemia awareness (48.7%) than those with T2D (39.6%). Patients with T2D had more hypoglycaemia unawareness than those with T1D (55% of patients with T2D had impaired or severely impaired awareness compared with 47.4% for T1D). When answering the question 'How often do you have symptoms when you have a low blood sugar measurement' 44.1% of patients with T2D and 46.8% in T1D, answered 'occasionally,' indicating impaired awareness and 10.9% answered 'never' indicating severely impaired awareness (T1D = 0.6%). Of those patients with impaired awareness, 46.9% with T1D and 45.4% with T2D experienced severe hypoglycaemia in the 6-months before baseline. 9, 1.8 (1.6) 6, 2.0 (1.6) 123, 2.3 (2.1) 123, 1.6 (1.4) Data are presented as mean (SD) unless otherwise stated; N, total number of subjects participating; n, total number of subjects; SD, standard deviation; T1D, type 1 diabetes; T2D, type 2 diabetes.
Patients reported a moderate fear of hypoglycaemia, with mean scores out of ten of five for T1D and four for T2D (where one indicated not afraid at all and ten, absolutely terrified). Retrospectively, the most common patient actions resulting from a hypoglycaemic event in T1D and T2D were requiring medical assistance (53.9% and 39.9%, respectively), consulting their doctor/nurse (51.3% and 38.8% respectively) and increasing calorie intake (40.9% and 27.3% respectively). In the 4-week prospective period, increasing calorie intake, requiring medical assistance and consulting their doctor or nurse were the most common actions taken by patients with T1D and T2D.
Associations between hypoglycaemia and continuous or predictor variables
No association was identified between HbA1c level and any, nocturnal or severe hypoglycaemia.
DISCUSSION
The IO HAT study was a multicentre, international, 6-month retrospective and 4-week prospective study with a two-part SAQ that investigated the prevalence of hypoglycaemia in insulin-treated adults with T1D or T2D.
Results from the Southeast Asia cohort of the IO HAT study show that the proportion of patients who experienced at least one hypoglycaemic event was higher in the prospective period than the retrospective period for both T1D and T2D. Patients with T1D reported higher incidence rates than those with T2D in both periods for any, nocturnal and severe hypoglycaemia. Higher rates of nocturnal hypoglycaemia were reported in the retrospective period than in the prospective period, for both patients with T1D and T2D.
The higher rates of any and severe hypoglycaemia reported during the prospective period were also seen in the overall IO HAT study. 15 Despite a high proportion of patients who knew what hypoglycaemia was before learning the definition during the study (T1D 96.1% and T2D 85.6%), the most common way patients defined hypoglycaemia was based on symptoms only and nearly half of patients had impaired hypoglycaemia awareness. One review identified a high proportion of diabetes unawareness in Indonesia and suggested that patients in Southeast Asia may be poorly educated about hypoglycaemia and its management. 11 The reduced level of hypoglycaemia and diabetes awareness in this region may have contributed to the lower reporting of hypoglycaemic events by patients in the retrospective period of this study. However, the study demonstrated that when patients are properly educated about hypoglycaemia and its manifestations, patients are able to recognise the signs of hypoglycaemia themselves.
This cohort had a small number of patients with T1D (n=154). T1D is rare in Asian populations and data collection is not as systematic as in Western countries. 1 Most Southeast Asian countries do not have established registries for patients with T1D, which may contribute to the lack of data on T1D and hypoglycaemia in this region. 1 The little information available does however suggest that incidence of T1D is rising in Asia. 1 Patient responses to hypoglycaemia increase healthcare utilisation in Southeast Asia. This may be due to seizures induced by hypoglycaemia, which can eventually lead to coma and death. 18 Hypoglycaemia may also result in patients missing doses and reactively adjusting their medication plan. 19 In the present study, most patients who experienced hypoglycaemia made contact with their doctor or nurse and required a form of medical assistance in T1D and T2D, both retrospectively and prospectively.
A study in Bangladesh found that patients with diabetes had twice the number of inpatient treatment days than those without diabetes. They also had 1.3-fold more outpatient visits and 9.7-fold more medications than those without diabetes, and the cost of their healthcare was 6.1-fold higher. 20 There is a lack of structured care management and integrated healthcare policies in the Southeast Asia region, 1,9 differences in diabetes healthcare available in rural, compared with urban areas, must be taken into consideration.
Some patients increased their calorie intake to overcome the effects of hypoglycaemia in both the retrospective and prospective periods (retrospectively: T1D, 40.9% and T2D, 27.3%; prospectively: T1D, 36.2% and T2D, 16.8%), this is in line with results from the global HAT study. 21 If patients manage hypoglycaemia themselves by increasing calorie intake, their HbA1c during clinic visits may be elevated and may result in their healthcare practitioner (HCP) increasing or adding more antidiabetes agents to their treatment. More frequent monitoring and clinic visits with a duration of self-monitoring might be advised to try and achieve better glucose control. Continuous glucose monitoring has been shown to be cost-effective in patients with T1D with intensive insulin therapy 22 and in patients with T2D on oral antidiabetic drugs some of the increased costs associated with self-monitoring blood glucose are offset by reductions in diabetes complication costs. 23, 24 Pre-mix insulin is the most common method of insulin treatment in Southeast Asia and this is reflected in the results from this cohort with 32.5% of patients with T1D and 43.8% of patients with T2D on this insulin regimen at baseline. In the retrospective period, patients on pre-mix insulin reported the highest rates of any, nocturnal and severe hypoglycaemia in T1D and for any and nocturnal hypoglycaemia in T2D. This is in contrast to the overall IO HAT study, as in patients with T1D, the highest rates of any hypoglycaemia retrospectively and prospectively were reported with short-acting insulin. 15 In patients with T2D, highest rates of any hypoglycaemia were reported with a mixed insulin regimen (both short-and long-acting insulin) retrospectively, whereas short-acting, premix and mixed regimens (both short-and long-acting insulins) had the highest rates reported prospectively. 15 The high hypoglycaemia rates identified with pre-mix insulin in Southeast Asia are similar to previous data. 11 Traditionally, the Asian diet is high in carbohydrates, and so pre-mix insulins are a suitable choice as they target post-prandial hyperglycaemia. 25 However, newer insulin analogues can provide more stable glycaemic control and effective reduction of post-prandial hyperglycaemia.
Hypoglycaemia is known to have an impact on patients' productivity. Productivity of patients in this region is clearly affected with 17.3% of patients with T1D and 10.1% of patients with T2D in this study arriving late to work/studies. In Singapore, prevalence of T2D in adults is projected to rise from 7.3% in 1990 to 15% in 2050. 5 These data suggest that this rise will have an effect on the workforce -there were 97,600 patients working and living with T2D in Singapore in 1990, which is expected to increase to 321,600 by 2050. 5 Singapore's combined Chinese,
Indian and Malaysian population is representative of Asia as a whole, which makes it a useful test for healthcare research. 5 The trends observed in this study could be used to predict the future impact of hypoglycaemia on the whole of Asia. If the pattern predicted is observed over time, this may have a considerable impact on workforce productivity and workplaces may need to have the correct preparations in place to deal with employee lateness and absenteeism due to diabetes-related complications.
As the prevalence of diabetes increases and its impact on society and the economy increases, there is a real need for clear guidelines for HCPs in Southeast Asia. Use of Western guidelines in the Southeast Asia may add to the increased diabetes burden in the region, as a result of differing disease aetiology between Western and Asian diabetes populations, such as a lower BMI and younger age at time of diabetes presentation in Asian populations. 11 One of the main contributors could be the differences in diet, which is of particular importance, as a result of a higher glycemic response to carbohydrate consumption in Asian populations. 25 Other contributing factors in Asian populations include: differences in presentation of antiinsulin auto-antibodies in patients with T1D from Western compared with Asian populations, 1,26 a high proportion of patients who practice Ramadan (increased risk of hyper or hypoglycaemia) and a preference for pre-mix insulin. 11 Although some guidelines are available, there appears to be a difference between the guidelines and what HCPs do in practice in Southeast Asia. 2 This warrants the development of clear guidelines specific to the Asian population.
In a previous study, predictors for glycaemic control in Asia were lack of microvascular complications, old age, BMI <30 kg/m 2 and self-adjustment of insulin doses. 9 Lifestyle modifications can prevent diabetes and may have beneficial effects on cardiovascular risk factors, reduce the risk of microvascular complications, improve BMI and are cost-effective for both the patient and healthcare systems. 9 Limitations to the study include the small sample size of patients with T1D, although this could reflect the smaller population of patients with T1D in general in Southeast Asia. Study bias may also have taken place, whereby patients were more likely to report hypoglycaemia after learning what the correct definition was during the study. This study may also be limited by recall bias in the retrospective period.
CONCLUSION
Through the use of the IO HAT questionnaires and patient diaries, a higher prospective than retrospective incidence of any and severe hypoglycaemia was reported in the Southeast Asian cohort of the IO HAT study. These results are consistent with those from the overall IO HAT study. As a result of lack of knowledge and awareness, any and severe hypoglycaemia may be retrospectively underestimated and under-reported by patients in this region. Patients on mixed (both short-and long-acting) insulin regimens had the highest rates of any hypoglycaemia prospectively in both T1D and T2D and hypoglycaemia rates generally increased with diabetes duration. Hypoglycaemia increased healthcare utilisation and reduced productivity. There is a need for unique guidelines, specific to the Southeast Asian population, which can help improve diabetes management and improve patient outcomes in those already diagnosed.
